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Two modifications have been made to a miniature ceramic anvil high pressure cell (mCAC) de-
signed for magnetic measurements at pressures up to 12.6 GPa in a commercial superconducting
quantum interference (SQUID) magnetometer [N. Tateiwa et al., Rev. Sci. Instrum. 82, 053906
(2011)., ibid. 83, 053906 (2012)]. Replacing the Cu-Be piston in the former mCAC with a com-
posite piston composed of the Cu-Be and ceramic cylinders reduces the background magnetization
significantly smaller at low temperatures, enabling more precise magnetic measurements at low tem-
peratures. A second modification to the mCAC is the utilization of a ceramic anvil with a hollow
in the center of the culet surface. High pressures up to 5 GPa were generated with the “cupped
ceramic anvil” with the culet size of 1.0 mm.
PACS numbers:
Magnetic measurement at high pressure is an impor-
tant experimental method for the study of magnetic
properties of materials at high pressure. Recently, we
have proposed a miniature ceramic-anvil high-pressure
cell for magnetic measurements at pressures above 10
GPa in a commercial superconducting quantum inter-
ference (SQUID) magnetometer [1–3]. This cell is ab-
breviated mCAC. Readers can refer to the ref. 1 and 2
for details of the mCAC and the current status of the
pressure cells developed for the SQUID magnetometer.
The mCAC has several advantages as described in the
references. The anvils are made of inexpensive compos-
ite ceramic (FCY20A, Fuji Die Co.). A problem in the
mCAC is that although the background magnetization
is small at higher temperatures, the absolute value in-
creases with decreasing temperature below 10 K, which
is disadvantageous for the high pressure study in the low
temperature physics. In this paper, we report two modifi-
cations in the mCAC: one is the reduction of background
TABLE I: Information on the Cu-Be rods. JIS: Japanese
Industrial Standards. UNS: Unified Numbering System.
rod No. JIS No. (UNS) Company
No. 1 C1720 (C17200) Yamatogokin Co., Ltd.
2 C1720 (C17200) Yamatogokin Co., Ltd.
3 C1720 (C17200) Nilaco Corporation
4 C1720 (C17200) Nilaco Corporation
5 C1720 (C17200) Materion Brush Japan, Ltd.
6 C1715 (C17150) Materion Brush Japan, Ltd.
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FIG. 1: (Color online) Temperature dependences of the mag-
netic susceptibility χ in the Cu-Be alloys (rods).
magnetization at low temperatures and the other is the
application of the “cupped anvil” for generating a more
hydrostatic pressure.
Figure 1 shows the temperature dependences of the
magnetic susceptibility χ in magnetic field of 10 kOe
in the standard Cu-Be C1720 (JIS: Japanese Industrial
Standards) and C1715 alloys (rods) purchased from sev-
eral companies as shown in Table. I. The temperature
dependence of χ consists of an almost temperature inde-
pendent diamagnetism from the alloy and a paramagnetic
Curie-Weiss term from Ni or Co impurities. The behav-
ior of χ depends on each rod. In our study, all pressure
cells and gaskets were made of the Cu-Be rod No. 1.
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FIG. 2: (Color online) Cross-sectional views of three types
(type A, B, and C) of the miniature high pressure cell (mCAC)
for the commercial SQUID magnetometer.
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FIG. 3: (Color online)Temperature dependences of the back
ground magnetization Vbg(V) in the three types of the mCAC
in magnetic field of 10 kOe.
Figure 2 shows several designs of the mCAC for a mag-
netic property measurement system (MPMS) from Quan-
tum Design (USA). Type A was previously reported by
us[1–3]. Type B and C are newly designed in this study.
The Cu-Be piston in the type A is replaced with the ce-
ramic and Cu-Be cylinders in the type B, and the two
ceramic cylinders in the type C. In the SQUID magne-
tometer, the cell moves through three pick up coils which
detect inductive voltage. MPMS has three pick up coils
and two coils are placed with the distance of r0 = 15.2
mm from the center coil as shown in Figure 2[4]. We
compare the background magnetization from the differ-
ence between the scaled voltage inducted in the coil at
r = 0 and the one at r = r0: Vbg = V (0) - V (r0). We
note that V (0) - V (r0) is roughly proportional to the
magnetization of a sample.
Figure 3 shows the temperature dependences of the
background magnetization Vbg(V) in the mCAC of the
three types (A, B, and C) in magnetic field of 10 kOe.
The voltage Vbg of the former type A is smaller than
those of the new types B and C above 20 K. It decreases
with decreasing temperature and changes its sign near
30 K. The absolute value of Vbg at the lowest tempera-
ture 2 K is about seven times larger than that at room
temperature. This large background magnetization is a
problem in the type A mCAC as mentioned in the intro-
duction. Meanwhile, Vbg in types B and C does not show
a strong temperature dependence. The absolute values of
Vbg are about 10 % of that of type A at 2.0 K. For mag-
netic measurements at higher temperatures, the type A
mCAC should be used, while the new types B and C
are appropriate for the experiments at low temperatures.
The cell structure around the upper and lower coils has a
strong influence on the background magnetization of the
cell. The background magnetization of the type B and
C at 2.0 K are roughly estimated as −3 × 10−4 and 2 ×
10−4 emu, less than 5 % of that in the indenter cell[5].
Next we show the other modification: test of a ceramic
anvil which has a hollow at the center of the culet sur-
face. This anvil is abbreviated here as “cupped ceramic
anvil”. The cupped anvil, originally designed by Ivanov
and Vereshchagin in 1960, has been used in high pressure
studies for a long time [6]. The cupped anvil provides
a larger sample space and makes possible smaller pres-
sure distribution at the culet surface of the anvil[6]. The
cupped anvil has been made of metallic WC or sintered
diamond. We show the utility of the cupped structure in
the anvil made of the ceramic material.
We compare the performance of the conventional and
the cupped ceramic anvils with the culet size of 1.0 mm.
Figure 4 shows schematic illustrations of cross-section of
(a) (case I) the conventional anvil without the cupped
structure and the Cu-Be gasket with the thickness = 0.5
mm, and (b) (case II) the cupped ceramic anvil and the
gasket with the thickness = 0.3 mm. The diameter and
depth of the concave shape in the cupped anvil are 0.7
and 0.1 mm, respectively. The volume of the sample
space for case I and II are almost the same. We have
studied the relations between the applied load at room
temperature and the pressure value at low temperatures
in both cases. The sample and the lead (Pb) pressure
manometer were placed in the sample space filled with
the pressure-transmitting medium glycerin[7]. The pres-
sure values at low temperatures were determined by the
pressure dependence of the superconducting transition
temperature in lead[8].
Figure 5 (a) shows the applied load dependences of the
pressure value at low temperatures for the case I and II.
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FIG. 4: (Color online)Schematic illustrations of cross-section
of the conventional anvil without cupped structure and (b)
“cupped ceramic anvil” with the Cu-Be gasket.
In the case I, the pressure value increases with increas-
ing load and starts to saturate at higher applied load.
The maximum pressure is about 4.2 GPa. Meanwhile,
the pressure increases linearly with increasing pressure
in the case II and the pressure efficiency is larger than
that in the former case. The maximum pressure is 5.0
GPa. The initial volume of the sample space in both
cases are almost similar.
The superconducting transition of the lead becomes
broadened when the pressure inside the sample space de-
viates from hydrostatic. Figure 5 (b) shows pressure de-
pendences of ∆Tsc in lead for the case I and II. The value
of ∆Tsc starts to increase largely above 4 GPa in the
case I, suggesting deviation from the hydrostatic pressure
above this pressure. The initial value of the diameter of
the sample space was 0.5 mm. After the experiment of
case I, the diameter of the sample space was increased to
0.55 mm, while the thickness decreased. This radial de-
formation leads to the development of uniaxial stress in
the sample space and the pressure deviates from hydro-
static. Meanwhile, the diameter in case II decreased from
the initial value after the experiment, indicating that the
sample space was compressed more isotropically. There
is no clear increase in the pressure dependence of ∆Tsc,
suggesting the absence of a strong deviation from hydro-
static pressure.
In summary, we made two modifications to a miniature
ceramic anvil high pressure cell (mCAC) designed pre-
viously by us. The background magnetization becomes
very small at low temperatures and the value at 2.0 K is
about 10 % of that of the previous version. This modi-
fication enables more precise magnetic measurements at
high pressure and at low temperatures. The other mod-
ification in the mCAC is the introduction of a ceramic
anvil that has a hollow in the center of the culet sur-
face. High pressures up to 5 GPa were generated with
the “cupped ceramic anvil” with the culet size of 1.0 mm.
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FIG. 5: (Color online) (a)Applied load dependences of the
pressure value at low temperatures for the case I and II.
(b)Pressure dependences of the width of the superconduct-
ing transition ∆Tsc in lead for both cases.
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